By supplementing additional analyses postponed in the previous paper, we complete our construction of manifestly supersymmetric gauge-covariant regularization of supersymmetric chiral gauge theories. We present: An evaluation of the covariant gauge anomaly; the proof of integrability of the covariant gauge current in anomaly-free cases; a calculation of one-loop superconformal anomaly in the gauge supermultiplet sector. On the last point, we find that the ghost-anti-ghost supermultiplet and the Nakanishi-Lautrup supermultiplet give rise to BRST exact contributions which, due to the Slavnov-Taylor identities in our regularization scheme, can safely be neglected. 
Introduction
In a recent paper [1] , we proposed a manifestly supersymmetric gauge-covariant regularization of supersymmetric chiral gauge theories. In the sense of the background field method, it was shown that our scheme provides a supersymmetric gauge invariant regularization of the effective action above one-loop order. On the other hand, our scheme gives a gauge covariant definition of one-loop diagrams and, when the representation of chiral supermultiplet is free from the gauge anomaly, the definition restores the gauge invariance. Our scheme also defines composite operators in a supersymmetric gauge-covariant manner. However, several important issues concerning properties of our scheme were postponed in [1] . In the present paper, to complete the construction, we present detailed analyses on those issues.
We first recapitulate the essence of our regularization scheme.
¶ We consider a general renormalizable supersymmetric model:
(1.1)
To apply the notion of the superfield background field method [3] , we split the gauge superfield and the chiral superfield as [1] e V = e VB e VQ , Φ = Φ B + Φ Q .
(1.2) Furthermore, to make the supersymmetry and the background gauge invariance (in the unregularized level) manifest, we adapt the following gauge fixing term and ¶ For saving the space, we do not repeat explaining our notation and conventions in [1] ; it basically follows the conventions of [2] .
the ghost-anti-ghost term
(1.3)
In the above expression, the normalization of the Nielsen-Kallosh (NK) ghost b has been changed from [1] .
In calculating radiative corrections to the effective action in the background The first part which is purely made from the gauge superfields is given by
In the first line of this expression, (D α W Bα ) ab /2 is irrelevant because of the antisymmetry of the adjoint representation matrix (T c ) ab on a ↔ b; we have included it for later convenience. In going from the first line to the second line, we have used the identity (2.23) of [1] and the reality constraint:
(1.5)
The ghost-anti-ghost action, to the second order of quantum fields, is given by There are two kinds of action which contain the chiral multiplet: One is the part that survives even for Φ B = 0,
In these expressions, f (t) is the regularization factor which decreases sufficiently rapidly, f (∞) = f ′ (∞) = f ′′ (∞) = · · · = 0 in the ultraviolet, and f (0) = 1 to reproduce the original propagators in the infinite cutoff limit Λ → ∞. The argument of the regularization factor has the same form as the denominator of each propagator; this prescription is suggested by the proper-time cutoff [1] . In this way, the propagators obey the same transformation law as the original ones under the background gauge transformation on the background gauge superfield V B . This property is crucial for the gauge covariance of the scheme.
Using the above propagators of quantum fields, 1PI Green's functions are evaluated as follows. There are two kinds of contributions because we have diagonalized
in constructing propagators. (I) Most of radiative corrections are evaluated (as usual) by simply connecting quantum fields in S mix T 2 , S T 3 , S T 4 , etc. by the modified propagators. This defines the first part of the effective action, Γ I [V B , Φ B ], which is given by the 1PI part of
. (1.13) (II) However, since the quadratic action S
depends on the background gauge superfield V B (but not on Φ B ) non-trivially, the one-loop Gaussian determinant arising from this action has to be taken into account. To define this part of the effective action, Γ II [V B ], we adapt the following prescription:
(1.14)
The quantum fields in J a (z) are connected by the modified propagators. Note that since J a (z) is quadratic in quantum fields by definition, (1.14) consists with only one-loop diagrams. The total effective action is then given by the sum,
. Although naively the relation (1.14) is just one of many equivalent ways to define the one-loop effective action, it has a great advantage in the regularized level; the prescription (1.14) respects the gauge covariance of the gauge current [1] . Our prescription (1.14) is a natural supersymmetric generalization of the covariant regularization in [4, 5] . Finally, (III) When a certain composite operator O(z) is inserted in a Green's function, it is computed as usual (by using the modified propagators)
Following the above prescription, it was shown [1] that the first part of the effective action Γ I [V B , Φ B ] (which contains all the higher loop diagrams!) is always supersymmetric and background gauge invariant. It was also shown that a composite operator which behaves classically as a gauge covariant superfield, such as the gauge current superfield J a (z) in (1.14), is regularized as a (background) gauge covariant superfield. This implies, in particular, if there exists a functional
in (1.14) which reproduces the gauge current superfield J a (z) as the variation, it is also supersymmetric and gauge invariant (because V a B is a superfield). One might expect such a functional, "effective action," always exists. However, this is not the case in our scheme; in fact, if the whole effective action was always gauge invariant, there would be no possibility of the gauge anomaly which may arise from chiral multiplet's loop.
Actually, it is easy to see that the anomaly cancellation is the necessary condition for the existence of Γ II [V B ] in (1.14). As it should do, our scheme provides gauge invariant regularization only for anomaly free cases. In the analysis of [1] , however, it was not clear if the anomaly cancellation is also sufficient for the
. In Section 2 of the present paper, we shall establish the existence of Γ II [V B ] in anomaly-free cases. Therefore, our scheme actually provides for anomaly free cases a gauge invariant regularization of the effective action.
The prescription (1.15), on the other hand, is especially useful when one wishes to evaluate the quantum anomaly while preserving the supersymmetry and the gauge covariance (or invariance). As was announced in [1] , we apply it to the superconformal anomaly in the gauge supermultiplet sector and present the detailed one-loop calculation in Section 4. In this calculation, the gauge-fixing term and the ghost-anti-ghost sector cause another complication. To treat this complication systematically, in Section 3, we introduce the notion of BRST symmetry and the corresponding Slavnov-Taylor identity in our scheme.
Integrability of the Covariant Gauge Current
As was noted in the Introduction, the most important issue which was left uninvestigated in [1] is if the second part of the effective action Γ II [V B ] in (1.14)
exists or not; we call this problem an integrability of the gauge current. The gauge anomaly cancellation tr T a {T b , T c } = 0 is the necessary condition for the integrability [1] because the covariantly regularized gauge current J a (z) gives rise to the covariant anomaly (we shall explicitly show this below) but, on the other hand, J a (z) should produce the consistent anomaly [6] [7] [8] [9] [10] [11] [12] [13] 
exists. These two requirements are consistent only if the gauge anomaly vanishes.
In this section, we shall establish the reverse: When tr
which satisfies (1.14) always exists in Λ → ∞. Namely, the anomaly cancellation is also the sufficient condition for the integrability. Therefore, when the gauge representation is anomaly-free, our prescription (1.14) provides a gauge invariant regularization of the effective action. We shall give two proofs from quite different view points. However, before going into the proof, we present how the gauge anomaly is evaluated in our scheme.
Covariant Gauge Anomaly
In this subsection, we present a calculation of the covariant gauge anomaly which reads
where the gauge current J a (z) is given by (1.14) and the combination C ab has been defined by
2)
The gauge covariance of the right hand side of (2.1) is in accord with our gauge covariant definition of the gauge current [1] . To see how the left hand side of (2.1) is ⋆ This result itself has essentially been known in the literature [14] ; we present the calculation in our scheme for later use.
related to the "gauge anomaly," i.e., a non-invariance of the effective action
under the background gauge transformation, † we introduce the generator of the background transformation:
In fact, it is easy to see that a variation of an arbitrary functional
under the background transformation (see (2.6) of [1] )
can be written as
Therefore, assuming the identification in (1.14), the gauge variation may be written
This is the reason why we regard (2.1) as the gauge anomaly. Now, from the definition of the gauge current in (1.14), we have
However, S 
where we have used the explicit form of the action, (1.4), (1.6), and (1.7). In the above expression, a use of the modified propagators (1.9), (1.10), (1.11) and (1.12)
is assumed according to our prescription (1.14). Then the kinetic operators in
cancel a denominator of propagators. As the result, from (2.7), we have,
The evaluation of this expression is straightforward. First of all, the first term of the right hand side vanishes in Λ → ∞ because the number of spinor derivatives is not sufficient; the gauge multiplet does not contribute. Next, in the second (the ghost-anti-ghost multiplet) and the third (the chiral multiplet) terms, we can repeat the calculation in Appendix of [1] . In this way, we finally obtain (2.1). Note that the ghost-anti-ghost multiplet does not contribute because tr T a {T b , T c } = 0.
Integrability of the Gauge Current: The First Proof
We prove that the second part of the effective action
exists when the representation of chiral multiplet is free of the gauge anomaly. Our first proof is a natural supersymmetric generalization of the procedure in [5] which directly starts with the answer
In this expression, the subscript g implies the expectation value is evaluated with the "coupling constant" introduced by V B → gV B in our definition of the covariant gauge current (1.14). We shall show below that, when tr T a {T b , T c } = 0, this functional reproduces the gauge current in Λ → ∞,
Note that, since the composite operator J a (z) g in (2.11) does depend on the background gauge field V B , the relation (2.12) is by no means trivial.
Here is the proof: We first directly take the functional derivative of
¿From the first line to the second line, we performed an integration by parts. Then we note J a (z) g depends on g only through a combination gV B . Therefore
Substituting (2.14) into (2.13), we have
The relation (2.12) follows if the quantity in the square bracket (the functional rotation) vanishes. To consider this quantity, we note the identity
Note that the first term of the right hand side is nothing but the gauge anomaly (2.1).
On the other hand, it is not difficult to see that the gauge covariance of our gauge 17) where V ′ B = V B + δV B and δV B is given by (2.4), implies
as a coefficient of the chiral parameter Λ of the gauge transformation. Therefore, from (2.18), (2.16) and (2.1), we find
Similarly, by repeating the above procedure for the anti-chiral parameter Λ † , we Therefore, from (2.15), we have (2.12).
Let us summarize what we have shown: The variation of the functional (2.11)
reproduces the covariant gauge current as (2.12) if the "gauge anomaly," the left hand side of (2.1), vanishes. In the Λ → ∞ limit, the "gauge anomaly" is given by the right hand side of (2.1) which vanishes when the anomaly cancellation condition, tr T a {T b , T c } = 0, holds. Therefore, if tr T a {T b , T c } = 0, the effective action (2.11) satisfies (2.12) in the Λ → ∞ limit. Put different way, even if tr T a {T b , T c } = 0, when the cutoff Λ is finite, there may exist pieces in the covariantly regularized gauge current J a (z) which cannot be expressed as a variation of some functional. However, those non-integrable pieces disappear in the limit Λ → ∞, in the same sense that the gauge anomaly is given by the right hand side of (2.1) in Λ → ∞.
Integrability of the Gauge Current: The Second Proof
In this subsection, we give another proof of the integrability. This proof, although is somewhat less rigorous and does not apply to a general form of the regularization factor f (t), exhibits an interesting relation between our prescription (1.14) and the generalized Pauli-Villars regularization [15] [16] [17] [18] [19] [20] . We shall show ⋆ Otherwise, the integral in (2.15) would be ill-defined and thus (2.11) is.
below that, when the gauge anomaly vanishes, (1.14) can basically be realized by the generalized Pauli-Villars regularization. Since the Pauli-Villars regularization is implemented in the level of Feynman diagrams for which the Bose symmetry among gauge vertices is manifest, the corresponding effective action always exists.
Namely, the integrability is obvious. Since the gauge multiplet and the ghost-antighost multiplet belong to the adjoint (real) representation, one may always apply the conventional Pauli-Villars prescription to those sectors; there is no subtlety associated with the gauge anomaly. Therefore, we shall only present the analysis on the chiral multiplet.
To relate our prescription with the generalized Pauli-Villars regularization for the complex gauge representation, we introduce the "doubled" representation following [20] (see also [19] )
where T a is the original (complex) gauge representation. Then, with these notations, our regularized gauge current (1.14) for the chiral multiplet is expressed To write down this Lagrangian, we introduce a set of infinite regulators [15] φ j (j = 0, 1, 2, · · ·). We assume φ j with j even is a Grassman-even chiral superfield and j odd is a Grassman-odd chiral superfield. Then the action is given by 24) it is easy to verify that (2.23) is invariant under the background gauge transformation. Therefore, the generalized Pauli-Villars regularization cannot apply to an evaluation of the gauge anomaly and it is workable only for anomaly-free cases. The regularization then proceeds as follows [15] : The zeroth field φ 0 is introduced so as to simulate the one-loop contribution of the original field Φ Q . Therefore, the gauge representation R a must be projected on the original one It is quite convenient to re-express the above prescription in terms of the gauge current operator [18, 19, 20] . According to the above prescription, the gauge current ⋆ Of course, for the gauge invariance, the momentum assignment for all the fields must be taken the same.
of the zeroth field φ 0 is defined by
where we have used the formal form of the propagator of φ 0 in the background gauge field. The gauge current of regulators is similarly given by 26) where the statistics of each field has been taken into account. Therefore, in the generalized Pauli-Villars regularization, the gauge current operator is given by the
(2.27)
In the above expression, we have introduced a function 28) by omitting an irrelevant term for m ≪ Λ; this function can be regarded as a regularization factor. In fact, one can make f (t) sufficiently rapidly decreasing by choosing a suitable sequence of regulator masses. For example, when n j = j [15], we have
By comparing (2.27) with (2.22), we realize the following correspondence: The first part of (2.27) is basically identical to the 1/2 projected part of (2.22), although the regularization factor f (t) is limited to the form of (2.28). On the other hand, the second part of (2.27), the so-called "parity-odd" term, has no regularization factor.
Therefore the second part of (2.27) is UV diverging and ill-defined in general.
However, when tr T a = tr T a {T b , T c } = 0, coefficients of these divergent pieces in the "parity-odd" term vanish, as is the case in the non-supersymmetric theory [15] [16] [17] [18] [19] [20] . To see this, we first note that e −UB ∂e UB /∂V a B is Lie algebra valued, i.e., it is proportional to R b . Then it is easy to see that, by examining the expansion in powers of V B , the quadratic, linear, logarithmic divergences are proportional
Therefore, if tr T a = tr T a {T b , T c } = 0, the second part of (2.27) is also finite under a prescription [15] [16] [17] [18] [19] [20] that the trace over gauge indices is taken in prior to the momentum integration.
Let us summarize: The 1/2 part of our prescription (2.22) is basically equivalent to the 1/2 part of the generalized Pauli-Villars regularization, (2.27). The σ 3 /2 part of (2.22) in general does not correspond to the σ 3 /2 part of (2.27).
However, if tr T a = tr T a {T b , T c } = 0, the σ 3 /2 part of (2.27) (and thus also the σ 3 /2 part of (2.22)) is finite. Therefore, we may take Λ → ∞ limit in the σ 3 /2 part of (2.22) which, since f (0) = 1, reduces to (2.27) . This shows that, if the gauge anomaly vanishes (and if tr T a = 0), ⋆ our prescription (1.14) in the Λ → ∞ limit is basically equivalent to the generalized Pauli-Villars regularization and proves the integrability. This conclusion is consistent with the result of the previous subsection that the integrability is ensured only for Λ → ∞ limit, even with tr T a {T b , T c } = 0.
⋆ One might wonder why the condition tr T a = 0, which did not appear in the previous subsection is required here. The reason is that the finiteness of the "parity-odd" part is a stronger condition than the integrability. In fact, the V B -independent piece of J a (z) in our scheme acquires a quadratic divergence, tr
. This does not spoil the integrability as this can be expressed as a variation of the Fayet-Iliopoulos D-term. However, this tadpole diagram is not regularized by the Pauli-Villars prescription in this subsection. This is the reason why tr T a = 0 is required in the generalized Pauli-Villars regularization.
BRST Symmetry and the Slavnov-Taylor Identity
It is possible to introduce the notion of BRST symmetry in the superfield background field method. Since the S-matrix in the background field method is given by tree diagrams made from the effective action [21, 22] which has V B and Φ B as the argument, the relevance of the BRST symmetry for the unitarity of physical S-matrix is not necessarily clear in our present context. † Nevertheless, we shall see in the next section that the notion is in fact quite useful in systematically treating the gauge fixing term and the ghost-anti-ghost sector. In this section, with this application in mind, we present how to incorporate the BRST symmetry in our scheme.
Unfortunately, the BRST symmetry is not manifest in our scheme and it appears that the BRST symmetry or the associated Slavnov-Taylor (ST) identity have to be verified order by order. However, there is a natural extension of our prescription which ensures ST identities at least in the tree level. This fact is sufficient for the application in the next section where the superconformal anomaly in the gauge sector is evaluated in the one-loop accuracy.
BRST transformation
To make the BRST symmetry in the unregularized theory manifest, we adapt the following ghost-gauge fixing action:
where we have introduced the Nakanishi-Lautrup (NL) superfield B which is a † On the other hand, the renormalizability of the effective action in the background field method is automatical with our scheme because it is restricted by the background gauge invariance, instead of the BRST symmetry.
Grassman-even chiral superfield, DαB = 0. The BRST transformation of the gauge superfield is defined as usual by replacing the parameter Λ of the infinitesimal quantum gauge transformation by the ghost superfield, Λ → c (see (2.5) of [1] ),
Note that δ BRST is Grassman-odd in our convention. Then the nilpotency of the BRST transformation determines the transformation of the Faddeev-Popov (FP) ghost superfield:
The BRST transformation of the anti-ghost is defined to be the NL superfield:
We regard other fields, the gauge averaging field f and the NK ghost b, as BRST scalar, i.e., δ BRST f = δ BRST b = 0.
The action S ′ (3.1) is equivalent to the conventional form of the ghost-gauge fixing action in the superfield background field method, (1.3). This can be easily verified by eliminating the NL field B from (3.1), using the equation of motion:
Another equivalent form of S ′ is obtained by first integrating out f and f † , and simultaneously b and b † in (3.1). This integration may be performed by shifting the variables as ‡
Then the Gaussian integration over f is precisely canceled by the integration of the NK ghost b. After these integrations, the ghost-gauge fixing term S ′ (3.1) is effectively replaced by S ′ → S FP + S NL where
and
If one further integrates over the NL field B, the conventional gauge fixing term,
, is again resulted. Interestingly, the kinetic operator
, is the propagator of the NK ghost. Therefore, the Gaussian integration of the bosonic NL field simulates the effect of the fermionic NK ghost; this should be the case because (3.7) plus (3.8) must be equivalent to (1.3) . In what follows, we use S FP + S NL as the ghost-gauge fixing action because it exhibits the manifest BRST symmetry. ‡ As was noted in [1] , the combination in a denominator of these expressions has to be interpreted as an abbreviation of
respectively.
Slavnov-Taylor identity
As is well-known, the ST identities can be derived as an expectation value of a BRST exact expression. The first example, which will be relevant in the next section, is
In these expressions, the double bracket · · · implies the would-be "full" expectation value, in which the BRST symmetry is supposed to be exact. Similarly, we have
As was already mentioned, the BRST symmetry is not manifest in our regularization scheme. Therefore, the validity of above relations has to be verified order by order; at present, we do not have a general analysis on this point. However, our prescription can be extended so as to ensure the above relations at least in the tree level.
It is straightforward to find propagators among the NL field and the gauge superfield by solving the the Schwinger-Dyson equation derived from S 2 +S FP +S NL (S 2 is the quadratic part of the classical action (1.1)): 
are defined through the first two relations of (3.13). Namely, in the right hand side of (3.13), the propagator of the gauge superfield is given by the modified one (1.9). On the other hand, we
It is obvious that the prescription T * B a (z)B †b (z ′ ) ≡ 0 is consistent with (3.10) in the tree level. On the other hand, (3.12) in the tree level reads (by suppressing quantum fields V Q ), 14) where the last expression is the modified ghost propagator (1.10) in an un-abbreviated form [1] . At first glance, the left hand side of (3.14), i.e., (3.13) with (1.9), does not seem to identical to the right hand side; in particular, the gauge parameter ξ must disappear in the expression. However, they are in fact identical even with a finite Λ. To see this, we first recall the original form of the quadratic action of the gauge sector, the first line of (1.4). Then, the first line of (3.13) gives 15) where the combination R has been defined by
one can eliminate R in the regularization factor f (t) of (3.15) and then D 2 ∇ 2 can be exchanged with the regularization factor. Then, by noting the identity
we have
Then, by noting the identity (3.8) of [1] ,
we realize the last factor in (3.18) can be written as
By substituting this into (3.18), we see that (3.15) is in fact identical to (3.14) .
Therefore, with the above prescription, also the ST identity (3.12) holds at least in the tree level. The ST identities, (3.10) in the tree level and (3.14), will be used in the next section.
Superconformal Anomaly: The Gauge Sector
In the remainder of this paper, we describe a one-loop evaluation of the superconformal anomaly in the gauge multiplet sector; this problem was also postponed in [1] . Although the one-loop result is well-known [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , our formulation allows a direct calculation which does not rely on a supersymmetry-gauge symmetry argument neither on the connection to the β-function. (Our calculation is in spirit quite similar to [30] .) The calculation is somewhat complicated compared to that of the chiral matter's contribution [1] because of the presence of the gauge fixing term and the ghost-anti-ghost sector. However, our treatment also clarifies the underlying BRST structure; the conventional form of the superconformal anomaly accompanies BRST exact pieces which, due to the Slavnov-Taylor identities in the previous section, eventually vanish.
For later use, we present the explicit form of the first three terms in the expansion of the classical action
in the quantum field V Q , S = S 0 + S 1 + S 2 + · · ·:
The superconformal anomaly is the spinor divergence of the superconformal current, Dα R αα (z) . The classical form of the superconformal current is given by [35] 
Basically, what we have to do is an expansion of this expression in powers of V Q to O(V 2 Q ) (the one-loop approximation) and a classification of various terms in Dα R αα (z) according to their nature; the explicit breaking of the superconformal symmetry due to the gauge fixing, vanishing terms under the equation of motion (see below) and the intrinsic quantum anomaly. This approach was adapted in [1] for a computation of the superconformal anomaly arising from the chiral matter's loop. However, a structure of the direct expansion of (4.5) is complicated and it seems difficult to directly perform such a classification. Therefore, we will adapt a different strategy.
We start with the observation made by Shizuya [36] that the superconformal current (4.5) may be regarded as the Noether current corresponding to a superfield variation,
where Ω α is an infinitesimal Grassman-odd parameter. In fact, one can easily verify that
by using the reality constraint of W α .
To utilize the relation (4.7) in the background field method, we split ∆e V (4.6)
into variations of V B and of V Q . This splitting is of course not unique. Therefore, we can impose conditions that a variation of V B depends only on V B and a variation of V Q is O(V Q ). By writing ∆ = ∆ B + ∆ Q , these conditions uniquely specify 8) or more explicitly, 
because of our prescription for the one-loop effective action (1.14). Recall that S + S FP + S NL is the total action (see (3.7) and (3.8)).
On the other hand, we rewrite the quantum variation part in (4.10) as
Therefore we have from (4.10), (4.11) and (4.12), The BRST exactness of (∆ B + ∆ Q )S FP follows from a remarkable property of ∆ B
and ∆ Q that their sum commutes with the BRST transformation δ BRST . In fact, † The equivalence of the effective action in the background field method and that of the conventional formalism is proven in [37] for non-supersymmetric gauge theories and is argued in [38] for the supersymmetric case.
one can confirm that is not obvious in our regularization scheme. However, as we have shown in the previous section, the tree level ST identities, T * B a (z)B †b (z ′ ) = 0 and (3.14)
hold with our prescription. As the result, by defining the composite operators in ∆ B S NL and (4.16) by connecting the quantum fields by modified propagators, we can safely neglect the BRST exact pieces at least in the one-loop level.
Having observed the last two terms in (4.13) are BRST exact and can be neglected even in our present formulation, let us come back to the first term in the right hand side of (4.13). In the one-loop accuracy, there are three terms which may contribute to the 1PI part of
However, the first contribution (i) is proportional to D α W Bα (see (4. 3)) which is already a one-loop order quantity under the quantum equation of motion (recall that the classical equation of motion is D α W Bα = 0). As the result, (i) is a higher order quantity and can be neglected. To evaluate (ii) and (iii), the expression (4.9) is sufficient.
Therefore, from (4.4) and (3.7), we have 17) where, in the last expression, we have used the first two lines of (3.13) and (1.9) in the super-Fermi-Feynman gauge ξ = 1. Since (4.17) vanishes unless the regularization factor f (t), we realize that this is in fact the quantum anomaly (i.e., a naive interchange of the equal-point limit and the Λ → ∞ limit gives a wrong answer We emphasize that we did not need the expansion on V B in deriving this expression. If we retained the BRST exact pieces in (4.13) in the superconformal anomaly, the central extension (4.21) also acquires BRST exact pieces; it seems interesting this structure is common to the result of [40] , although we are using a supersymmetric invariant gauge fixing term.
Conclusion
In this paper, we have reported the analyses on several issues postponed in [1] , including the proof of the covariant gauge current in anomaly free cases. The basic properties of our scheme (except the BRST symmetry in higher orders) have now been clarified and it was established our scheme really provides a gauge invariant regularization of the effective action in the background field method. On the practical side, our scheme passed many one-loop tests performed in [1] and the present paper, by reproducing the correct results in a transparent way. Therefore, we are now ready to tackle with our scheme more realistic problems for which a manifestly supersymmetric gauge covariant treatment is crucial.
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